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INTRODUCTION 


The  natural  polyamines,  spermine,  spermidine,  and  their  diamine  precursor,  putrescine, 
are  ubiquitous  polycationic  bases  that  are  required  for  normal  cell  growth  and 
differentiation  (1-4).  Breast  cancer  tissues  demonstrate  aberrant  regulation  of  the 
polyamine  metabolic  pathway,  including  increased  intracellular  polyamine  levels  and 
decreased  activity  of  SMO(PAOhl),  one  of  the  key  regulators  of  polyamine  degradation 
(5,  6).  SMO(PAOhl)  oxidizes  spermine  to  spermidine  and  results  in  the  production  of 
H2O2,  a  reactive  oxygen  species  (7-9).  Diminished  SMO(PAOhl)  activity  in  breast 
cancer  may  be  associated  with  reduced  levels  of  H2O2  and  decreased  cell  growth 
inhibition  and  apoptosis,  thereby  contributing  to  breast  cancer  cell  growth.  Recently,  the 
activity  of  SMO(PAOhl)  was  found  to  be  differentially  inducible  in  several  human  lung 
cancer  cell  lines  following  exposure  to  polyamine  analogues  (10,  11).  The  hypothesis 
underlying  this  project  is  that  induction  of  SMO(PAOhl)  activity  by  polyamine 
analogues  will  deplete  intracellular  polyamine  levels,  enhance  H2O2  production,  and  lead 
to  growth  inhibition  and/or  activate  apoptotic  cell  death  in  human  breast  cancer  cell  lines. 

BODY 

Specific  Aim  1:  To  determine  the  levels  of  SMO(PAOhl)  mRNA,  protein 
expression,  and  activity  in  normal  and  malignant  breast  cell  lines.  The  induction  of 
SMO(PAOhl)  mRNA  with  BENSpm  was  first  examined  by  RT-PCR  in  seven  breast 
cancer  cell  lines  that  represent  a  wide  range  of  breast  cancer  phenotypes,  as  well  as  two 
immortalized,  non-tumorigenic  mammary  epithelial  cell  lines.  SMO(PAOhl)  mRNA 
was  detected  at  a  very  low  level  in  each  untreated  cell  line.  After  treatment  with  10  pM 
BENSpm  for  24  hours,  a  large  induction  of  SMO(PAOhl)  mRNA  was  observed  in  the 
two  estrogen  receptor  (ER)  negative  cell  lines,  MDA-MB-231  and  Hs578t  cells,  whereas 
no  induction  of  SMO(PAOhl)  mRNA  was  seen  in  the  two  ER  positive  cell  lines,  MCF-7 
and  T47D. 

To  further  investigate  the  differential  induction  of  SMO(PAOhl)  in  response  to  BENSpm 
treatment,  MDA-MB-231  and  MCF-7  cell  lines,  which  exhibit  a  large  and  small 
induction  of  SMO(PAOhl)  mRNA,  respectively,  were  chosen  for  further  study.  Both 
cell  lines  were  treated  for  24  hours  with  a  range  (0  -  50  pM)  of  BENSpm  concentrations. 
Treatment  of  MDA-MB-231  cells  with  BENSpm  resulted  in  a  dose-dependent  increase  in 
SMO(PAOhl)  mRNA  expression  and  enzyme  activity  whereas  no  significant  change  in 
either  parameter  was  observed  using  up  to  50  pM  BENSpm  in  MCF-7  cells. 
SMO(PAOhl)  mRNA  was  induced  in  MDA-MB-231  cells  with  concentrations  up  to  10 
pM  BENSpm,  which  is  the  concentration  that  maximal  activity  occurred  with.  This 
concentration  was  used  to  examine  the  time  course  of  SMO(PAOhl)  mRNA  and  activity 
induction  in  both  cell  lines  with  BENSpm  (0  -  48  hours).  Induction  of  SMO(PAOhl) 
mRNA  in  MDA-MB-231  cells  began  after  six  hours  of  treatment  with  BENSpm  with 
maximal  induction  achieved  by  24  hours.  SMO(PAOhl)  activity  was  induced  after  nine 
hours  and  increased  through  48  hours  of  BENSpm  treatment.  In  contrast,  SMO(PAOhl) 
mRNA  is  minimally  induced  in  BENSpm  treated  MCF-7  cells  after  48  hours  and  no 
significant  induction  is  seen  in  enzyme  activity.  RT-PCR  and  real  time  PCR  studies 
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demonstrated  that  BENSpm  induced  the  expression  of  each  of  the  four  previously 
described  SMO(PAOhl)  variants  in  MDA-MB-231  cells  by  about  six-fold. 
Unfortunately,  a  SMO(PAOhl)  antibody  has  not  yet  been  developed  for  Western 
blotting. 

Specific  Aim  2:  To  determine  the  effects  of  multiple  classes  of  polyamine  analogues 
on  cell  growth  and  death,  induction  of  SMO(PAOhl),  related  polyamine  pathway 
enzyme  activities,  and  intracellular  polyamine  levels  MDA-MB-231  and  MCF-7  cells 
were  treated  with  10  pM  BENSpm  for  24  hours  and  the  effects  on  intracellular 
polyamine  levels,  ODC  activity,  and  SSAT  activity  were  measured.  In  BENSpm-treated 
MDA-MB-231  and  MCF-7  cells,  the  levels  of  spermine,  spermidine,  and  putrescine 
decreased  by  nearly  50%  with  a  similar  level  of  BENSpm  accumulation  in  both  cell  lines. 
BENSpm  treatment  reduced  ODC  activity  in  MDA-MB-231  cells  8-fold  and  in  MCF-7 
cells  16-fold  and  induced  SSAT  activity  98-fold  in  MDA-MB-231  cells  and  19-fold  in 
MCF-7  cells. 

The  impact  of  the  differential  induction  of  SMO(PAOhl)  by  BENSpm  on  breast  cancer 
cell  growth  was  examined  by  treating  MDA-MB-231,  Hs578t,  MCF-7  and  T47D  cells 
with  10  pM  BENSpm  for  96  hours  and  cell  numbers  were  counted  every  24  hours. 
Treatment  of  each  cell  line  with  BENSpm  for  48  hours  or  longer  significantly  inhibited 
cell  growth.  FACS  analysis  showed  no  difference  in  cell  cycle  effects  in  BENSpm 
treated  MDA-MB-231  and  MCF-7  cells;  both  cell  lines  arrested  in  G1  after  48  hours  of 
BENSpm  treatment  and  remained  in  a  G1  block  through  96  hours.  The  effects  of  other 
classes  of  polyamine  analogues  on  these  parameters  will  be  evaluated  in  the  future. 

A  key  question  is  whether  BENSpm-induced  SMO(PAOhl)  activity  plays  a  role  in 
growth  inhibition  of  MDA-MB-231  cells.  To  address  this  question,  a  pharmacologic 
approach  was  used.  MDA-MB-231,  Hs578t,  MCF-7  and  T47D  cells  were  co-treated 
with  10  pM  BENSpm  and  25  pM  MDL  72,527,  an  inhibitor  that  effectively  inhibits  both 
PAO  and  SMO(PAOhl),  and  cell  growth  assays  were  performed.  Inhibition  of  oxidase 
activity  with  MDL  72,527  significantly  reduced  the  sensitivity  of  MDA-MB-23 1  and 
Hs578t  cells  to  BENSpm  treatment  while  there  was  no  change  in  the  sensitivity  of  MCF- 
7  and  T47D  cells  to  BENSpm  by  co-treating  with  MDL  72,527  using  this  time  course. 

Since  MDL  72,527  inhibits  both  SMO(PAOhl)  and  the  acetyl-polyamine  oxidase  (PAO), 
an  RNA  interference  strategy  will  be  used  to  confirm  that  SMO(PAOhl)  plays  a  specific 
role  in  BENSpm  response  in  MDA-MB-231  cells.  MDA-MB-231  and  MCF-7  cells  will 
be  stably  transfected  with  vectors  that  transcribed  small  interfering  RNAs  directed 
against  exon  2  of  the  SMO(PAOhl)  gene  or  a  nonsense  sequence  and  a  stable  population 
of  cells  will  be  selected  by  growth  in  G41 8. 

Specific  Aim  3:  To  determine  the  effects  of  SMO(PAOhl)  over-expression  on  cell 
growth  and  death,  related  polyamine  pathway  enzyme  activities,  and  intracellular 
polyamine  levels.  Future  experiments  will  address  the  goals  of  this  aim. 


Page  5 


KEY  RESEARCH  ACCOMPLISHMENTS 

■  BENSpm  differentially  induces  SMO(PAOhl)  mRNA  and  activity  in  multiple 
human  breast  cancer  cell  lines. 

*  BENSpm  induces  SMO(PAOhl)  mRNA  and  activity  in  a  time-  and  dose- 
dependent  manner  in  MDA-MB-23 1  cells. 

■  BENSpm  induces  the  mRNA  expression  of  each  of  the  four  identified 
SMO(PAOhl)  splice  variants  4-6  fold  in  MDA-MB-23 1  cells. 

■  BENSpm  exposure  inhibits  cell  growth,  reduces  intracellular  polyamine  levels, 
induces  SSAT  activity,  and  reduces  ODC  activity  in  multiple  breast  cancer  cell 
lines  regardless  of  SMO(PAOhl)  induction. 

■  Co-treatment  of  MDA-MB-23 1  and  Hs578t  cells  with  BENSpm  and  MDL  72527, 
the  polyamine  oxidase  inhibitor,  significantly  reduces  their  sensitivity  to 
BENSpm  but  does  not  alter  the  sensitivity  of  MCF-7  and  T47D  cells  to  BENSpm. 

REPORTABLE  OUTCOMES 

■  Abstracts: 

>  Differential  induction  of  human  spermine  oxidase  mRNA  and  activity  in 
human  breast  cancer  cell  lines.  Pledgie  A,  Huang  Y,  Hacker  A,  Woster  PM, 
Casero  RA,  and  Davidson  NE.  Proc  AACR.  Page  1224,  2004. 

■  Presentations: 

>  The  role  of  spermine  oxidase  in  human  breast  cancer.  Pledgie  A.  Breast 
Cancer  Program  Seminar  Series,  Department  of  Oncology,  Johns  Hopkins 
University,  May  2004. 

CONCLUSIONS 

This  study  demonstrates  that  the  recently  cloned  human  spermine  oxidase, 
SMO(PAOhl),  is  differentially  inducible  with  BENSpm  in  several  breast  cancer  cell 
lines.  These  results  suggest  that  the  induction  of  SMO(PAOhl)  plays  a  role  in  the  growth 
inhibitory  response  of  MDA-MB-23 1  and  Hs578t  cells  to  BENSpm  exposure.  Inhibition 
of  SMO(PAOhl)  activity  with  MDL  72,527  can  delay,  but  not  completely  inhibit,  the 
response  to  BENSpm,  suggesting  that  BENSpm  activates  multiple  pathways  of  which 
SMO(PAOhl)  is  just  one.  Future  work  will  involve  stably  knocking  down  the  expression 
of  SMO(PAOhl)  using  RNA  interference  in  MDA-MB-23 1  and  MCF-7  cells  to  confirm 
the  results  obtained  through  pharmacological  inhibition  of  oxidase  activity.  The 
oxidation-sensitive  fluorescent  probe  CM-H2DCFDA  will  also  be  used  to  detect  the 
production  of  H2O2  by  induction  of  SMO(PAOhl)  activity.  Further  understanding  of  the 
molecular  targets  of  BENSpm  will  allow  for  the  development  of  more  cytotoxic  agents 
for  the  treatment  of  breast  cancer.  Future  work  will  be  aimed  at  examining  other  targets 
of  BENSpm  that  act  in  combination  with  SMO(PAOhl).  This  study  has  identified  SSAT 
and  ODC  as  other  targets  of  BENSpm.  While  SMO(PAOhl)  was  differentially  inducible 
in  breast  cancer  cell  lines,  SSAT  activity  was  induced  and  ODC  activity  was  reduced  in 
all  breast  cancer  cell  lines  examined.  It  will  be  critical  to  examine  the  roles  that  other 
enzymes  in  the  polyamine  metabolic  pathway,  notably  SSAT  and  ODC,  play  in  response 
to  BENSpm  in  breast  cancer  cell  lines. 
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